Introduction {#Sec1}
============

Cervical spondylotic myelopathy (CSM) describes a functional disturbance in the spinal cord due to degenerative changes within the cervical spine \[[@CR1]\]. Anterior versus posterior approach to address CSM is still under debate. The literature suggests that both approaches have similar functional outcomes and similar rates of complications \[[@CR2]\]. The posterior approach, a frequently performed technique for CSM, includes mainly laminectomy and fusion to improve clinical manifestations and prevent further neurologic deterioration. Neurological deficits after posterior cervical decompression and fusion (PCDF) are very rare, with incidence approximately 0.18% \[[@CR3]\]. The main causes of neurologic deterioration are hematomas and neurovascular injuries. C5 nerve root palsy is a well-known devastating complication after posterior decompression, with an incidence of 5.9% \[[@CR4]\]. A very rare, relatively recently described entity, the so-called "white cord syndrome" (WCS) was first described in 2013 \[[@CR5]\]. This designation was given because of the postoperative appearance of intramedullary hypertense areas in T2-weighted magnetic resonance imaging (MRI), resulting in devastating neurological damage. Since then, two new cases (one after anterior and one after posterior approach) of WCS with intraoperative onset of the neurological deficit have been recorded \[[@CR6], [@CR7]\]. We report the fourth case of this rare syndrome, but in contrast to the previously reported three cases, manifestation of the neurologic deficit in our case appeared delayed and not intraoperatively. The etiology of this complication is still unknown, and the prevailing hypothesis is reperfusion injury in a severe and chronically damaged spinal cord after anterior or posterior decompression.

By this case report, we support the hypothesis that the reperfusion injury can also be subacute (until 24 h following decompression) \[[@CR8]\], especially in an elderly population with atherosclerotic vessels, chronic hypertension, and other comorbidities \[[@CR9]\], rather than being exclusively acute as in the three previous cases. Furthermore, delayed decompression exacerbates ischemia-reperfusion in cervical compressive myelopathy \[[@CR10]\]. Spine surgeons should be aware of this extremely rare complication, not only intraoperatively but also postoperatively, in order to recognize this potential disastrous complication early on.

Case presentation {#Sec2}
=================

A 79-year-old male patient, who had suffered from gait disturbances and neck pain for at least 2 years, was referred to our department for CSM. He had already had a double-level anterior cervical decompression and fusion (ACDF) with anterior plate and cage 2 years before in another institution (Fig. [1](#Fig1){ref-type="fig"}), although the symptoms didn't recede and became worse. Physical examination on admission revealed grip weakness of the right hand, mild weakness of the right leg, numbness, clonus, hypertonia of lower extremities, and positive Hoffman and Lhermitte sign, while no sensory deficits were disclosed. On this initial admission he was assessed as Nurick grade 3 and MRI revealed a multilevel significant posterior stenosis from the C4 to the C6 vertebrae (Fig. [2](#Fig2){ref-type="fig"}), with no sign of spinal cord ischemia. His medical history disclosed hypertension and atrial fibrillation and he was receiving irbesartan (angiotensin receptor blocker) and apixaban (direct selective factor Xa inhibitor). Based on the clinical and radiological findings (compression onto the posterior cervical spinal cord) and with the limitation of the previous surgical intervention, he underwent posterior decompression from C3 to C6 and posterior fusion with lateral mass screws from C2 to C7 (Fig. [3](#Fig3){ref-type="fig"}). The intraoperative neuromonitoring showed no intraoperative neurologic worsening or deviations from the preoperative baseline. No surgical nor anesthesiologic complications were observed. Our patient returned to our clinic with no sign of neurological deficit but, to the contrary, with mild improvement of his preoperative symptoms. Twenty-four hours postoperatively, the patient complained of inability to move both his legs and arms. After a detailed physical exanimation, a diagnosis of C6-level incomplete paraplegia (ASIA B) was settled. Urgent brain and cervical computed tomography scans were made that however disclosed no signs of bony compression of the cord or any screw malposition. Immediately, a high dose of steroid was administrated based on NASCIS 3 protocol for 48 h. Unfortunately, we did not have the opportunity to perform MRI in this public hospital and we decided not to squander valuable time with a referral of our patient to another facility. Thus, the patient was urgently returned to the operating room with the suspicion of an intracanal hematoma compressing the already decompressed spinal cord. Intraoperatively, we found no hematoma and no cerebrospinal fluid leakage. During this second surgery, we extended our decompression to provide more space to the cord for possible recovery. Postoperatively, we performed cervical spine MRI that disclosed a hypertense signal in T2-weighted sequences at C6--C7 vertebrae (Figs. [4](#Fig4){ref-type="fig"} and [5](#Fig5){ref-type="fig"}), just below the lowest level of our decompression. Based on the clinical findings and the myelomalacia at the MRI, the diagnosis of the WCS was settled and steroid administration was held due to reperfusion spinal cord injury. Our patient 48 h later had a gradual neurologic improvement, mostly in the upper extremities. Physical examination on day 3 after the second surgery revealed 3/5 strength in the right upper extremity on the Medical Research Council (MRC) Scale, 4/5 strength (MRC) in the left upper extremity, 2/5 strength (MRC) in the right leg, and 3/5 strength (MRC) in the left leg. Our patient started physical therapy on day 4, but he was ambulated only with excessive assistance from the physiotherapists. Nurick grade 4 was assessed and our patient was discharged on day 9 to an inpatient rehabilitation center. At the 6, 12, and 18-month follow-up, there were no remarkable changes in the functional status of our patient.Fig. 1Sagittal computed tomography image on admission of the patient to our department. We discern the plate and the cage after the anterior approach and decompression 2 years before at another institutionFig. 2Sagittal magnetic resonance imaging image of the cervical spine showing the anterior plate and the cage on admission. This image demonstrates the significant compression of the cord at C4--C6 vertebrae level (blue arrow)Fig. 3Sagittal computed tomography image after the first decompression surgery to our department demonstrates the posterior decompression and fusion from C2 to C7, while no screw malposition was observedFig. 4Postoperative sagittal T2 magnetic resonance imaging image demonstrates a wide posterior decompression of the cervical spinal cord. A huge intramedullary hypertense area, exactly below the C6 vertebrae (green arrow) after the second surgery to our department approximately 24--28 h after the first surgeryFig. 5Axial T2 magnetic resonance imaging image after the second surgery demonstrates clearly the intramedullary hypertense area (yellow arrow), highlighting the presence of the WCS

Discussion {#Sec3}
==========

WCS is a very rare surgical complication, characterized by an ischemic lesion of the spinal cord after anterior or posterior decompression of the cervical spine \[[@CR5]\]. This designation was given due to postoperative appearance of intramedullary hypertense areas in T2-weighted magnetic resonance (MR) images, resulting in devastating neurological damage \[[@CR5]\]. This syndrome has already been described three times (two cases after anterior approach and one case after posterior decompression) in the literature (Table [1](#Tab1){ref-type="table"}) \[[@CR5]--[@CR7]\]. In all previous cases the neurologic deficit occurred intraoperatively, whereas in our case the deficit first became manifest 24 h postoperatively. All patients with WCS, including our case, were treated with high-dose steroid protocols and showed remarkable improvement in symptoms. Surgical revision and further decompression were decided upon in three of four cases with WCS, including our patient. In all cases, the final outcome was worse than the preoperative status and this made the complication all the more devastating, for patients and surgeons alike.Table 1Cumulative presentation of reported cases with white cord syndromeYearAge/genderNationPreop neurological status---cause of surgerySurgeryOnset of deficitNeurological status after white cord syndromeInterventionOutcomeRef.201359/MUSANeck pain, ataxia, radiculopathy, Nurick 3---C4--5 and C5--6 disc herniationDouble ACDF and anterior platingIntraoperativeC6 incomplete paraplegia- ASIA BDecompression, corpectomy, steroid administrationNurick 4\[[@CR5]\]201764/MItalyNeck pain, gait disturbances, grip weakness, urinary incontinence, spastic tetraparesis, Nurick 3---C3--4 and C5--6 disc herniationDouble ACDF and interbody cage placementIntraoperativeSevere tetraparesis, complete paraplegia, spastic hypertoniaSteroid administration---2 days' NASCIS 3 protocol.Nurick 4\[[@CR6]\]201868/MUSAParesthesia, numbness, balance difficulties, Nurick 1---cervical stenosis C4--6 and C4--5 spondylolisthesisC4--7 PCDFIntraoperativeLeft-sided hemiparesisFurther decompression---24 h high-dose steroid administrationNurick 4\[[@CR7]\]201879/MGreeceNeck pain and gait disturbances, Nurick 3, stenosis from C4 to C6, grip weaknessC2-7 PDCF24 h postoperativelyC6 incomplete paraplegia ASIA BFurther decompression---NASCIS 3 protocol for 48 hNurick grade 4*ACDF* anterior cervical decompression and fusion, *PCDF* posterior cervical decompression and fusion

Differential diagnosis of WCS includes iatrogenic trauma resulting in cerebrospinal fluid leakage and pseudo meningocele, cerebrovascular insult, and inception of an undiagnosed demyelinating disease \[[@CR7]\]. In our case, we had excluded all these possible diagnoses, because we didn't find any hematoma or cerebrospinal fluid leakage, while the brain computed tomography and MRI scan were normal.

In 2014, a cohort study described the incidence of immediate spinal cord deficits and delayed onset of nerve root deficits after laminoplasty and the correlation of these deficits with the pertinent MR images \[[@CR11]\]. A 6.1% incidence of postoperative abnormal expansion of the T2 high-signal intensity area was reported, of which 25% (3/12) were asymptomatic. In all 114 cases, a high-signal intensity area in the spinal cord was present at the most stenotic level on preoperative T2-weighted MRI. No patient with postoperative C5 and C6 palsies showed abnormal spreading of the high intensity area, which supports the theory of root-impairment as the cause of this proximal type of palsy \[[@CR4]\]. These deficits with the T2 high signal expansion were more proximal, distal, and diffuse upper motor paresis. None of the patients in this study showed the deterioration of lower motor function that our patient did, but the pathophysiology of all these lesions may share common pathways with the "WCS," since the MRI findings are similar. It is worthwhile noting that the majority (8/9) of the patients in this study with the T2 expansion and the neurological deficit were male, with a mean age of 65.6 years. The patients reported with the "WCS" are all male (4/4) with a mean age of 67.5 years. Unfortunately, the medical history of the 3 other cases with the "WCS" were not included in their report by the authors. More recently, papers published in the literature have revealed new neurological deficits after anterior or posterior approach to surgery, including root palsy (except C5--C6) and worsening of the preexisting myelopathy \[[@CR2], [@CR12], [@CR13]\]. In these studies, the authors didn't perform MRI on the neurologically impaired patients to correlate the deficit with the MR images. The mechanism of the WCS is still unclear and very little is known. To best of our knowledge secondary ischemia is playing a crucial role. We believe that WCS and other neurological deficits after decompression surgery, except C5--C6 nerve palsies, refer at the same mechanism damaging the spinal cord. Although, the severity of the deficit, the onset of the neurological deterioration and the development of the white cord area in T2-weighted images varies. Moreover, most infarctions result more or less in a "white cord area" in T2-weighted images.

The main hypothesis of the WCS is the ischemia-reperfusion injury \[[@CR5]\] while a simpler mechanism is the direct trauma from the rush of the blood flow after the reperfusion. The sudden cord expansion due to the decompression of the chronically ischemic tissue acts as a theft of blood flow from bottom (C6--C7, less compressed area) to top (C3--C5, most compressed area). Chronic ischemia is characterized by increased quantity of nuclear factor kappa-light-chain-enhancer of activated B cells (nuclear factor-κB (NF-κB)) gene products, such as tumor necrosis factor-α (TNF-alpha), interleukin (IL)-1β, or IL-6, resulting in excessive oxidative stress \[[@CR14]\]. Perhaps the reperfusion leads to disruption of the blood--brain barrier (BBB) or of blood--spinal cord barrier (BSB) \[[@CR15], [@CR16]\]. Such a breakdown of the BBB may lead to increased permeability of the inflammatory factors \[[@CR17]\], resulting in neuronal apoptosis \[[@CR18]\].

The consequence is that significant amounts of oxygen free radical oxygen species (oxidants) are generated during the reperfusion, and oxidative stress plays a crucial role in neural elements damage. In addition to oxidizing macromolecules, leading to cell injury, oxidants are also involved in cell death/survival signal pathways and cause mitochondrial dysfunction \[[@CR19]\]. Especially, the free radical oxygen species damage the phospholipid-rich membrane of neurons. Thus, recently it has been proposed that potent antioxidants may also play a role in the management of spinal cord ischemic/reperfusion injury \[[@CR14]\]. Our findings should assist in the development of novel therapeutic strategies for Spinal Cord Injury Research Evidence. The improvement of the neurological status after high dose of corticosteroid administration in all abovementioned cases strengthens the hypothesis of the oxidative stress. Furthermore, a recent experimental (mice model) study suggests perioperative methylprednisolone administration to reduce neurological complications after decompression surgery \[[@CR20]\]. Steroids upregulate anti-inflammatory factors and decreases oxidative stress, enhancing endogenous cell survival in animal models of spinal cord injury. Methylprednisolone reduces edema, prevents intracellular potassium depletion, and inhibits lipid peroxidation \[[@CR21]\].

We postulate that the delay of the clinical manifestation in our elderly male patient was due to the endothelial damage and atherosclerosis caused by chronic hypertension. There have been reports of a decline in the nitric oxide (NO) precursors such as aspartic acid, citrulline, and arginine as well as an age-dependent decrease in endothelium-dependent relaxation, which is thought to be mediated by NO \[[@CR22]\]. This led to subacute reperfusion to the compressed spinal cord area, resulting to this late-onset case of WCS. Unfortunately, in our hospital facilities we don't have the potentiality to measure any biomarker for the oxidative stress. As we mentioned above, chronic ischemia and reperfusion injury generate reactive oxygen species (ROS) and results in breakdown of the BBB. Furthermore, elderly people are subject to a physiological condition called "inflamm-aging." This condition is characterized by an imbalance between antioxidants and ROS, with the ROS predominating. These increased amounts of ROS can cause cell death to neurons \[[@CR23]\]. Until now, neither risk factors nor prognostic factors had been suggested for the WCS. According to the above-mentioned hypothesis and based on experimental and epidemiologic studies the current literature suggests that the increased age of the patient, any comorbidities, and the chronic compression of the cord are potential risk factors and should be so identified. Specifically, recent experimental studies in mice models suggest that delayed decompression can exacerbate reperfusion injury and is associated with ongoing enhanced levels of cytokine expression, microglial activation, and astrogliosis \[[@CR10]\], while early decompression inhibits the expression of TNF-α \[[@CR24]\]. Furthermore, an extensive epidemiologic international study, noticed that older patients with comorbidities accompanied with severe and long-term compression of the cervical spinal cord undergoing surgical decompression, had a poorer functional outcome according to modified Japanese Orthopaedic Association score \[[@CR9]\]. Although, well-designed human studies are mandatory.

WCS is a rare but ravaging complication after ACDF or PCDF of which surgeons should be aware. To the best of our knowledge, this is the first report of a late-onset presentation of the syndrome. Anesthesiologists and surgeons should be aware that propofol administration can potentially prevent BSB disruption in case of ischemia-reperfusion injury, by inhibiting the NF-kB signaling pathway \[[@CR25]\]. Τhe beneficial effect of perioperative administration of methylprednisolone should be investigated by human studies and the adverse effects should also be taken into consideration \[[@CR20]\]. We therefore encourage surgeons to include this complication in the written consent before spinal surgery. Spine surgeons should be alert not only intraoperatively but also postoperatively, in order to notice and diagnose this disastrous complication as soon as possible. Further studies are also mandated, to investigate the exact mechanism of the syndrome, in order to enable the timely treatment---perhaps even the prevention---of this rare but devastating complication.
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